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(54) Process for the removal of nitrogen contained in natural gas 



(57) Process for the removal of nitrogen contained 
in natural gas, which comprises: 

a) absorbing the hydrocarbon component of natural 
gas by means of virgin naphtha in an absorption 
device, discharging the non-absorbed nitrogen; 

b) stripping the hydrocarbon component absorbed 



by the virgin naphtha; 

c) recycling the virgin naphtha recovered in the 
stripping, to step (a); 

d) feeding the natural gas thus treated to a distribu- 
tion network. 
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Description 

[0001] The present invention relates to a process 
for the removal of nitrogen contained in natural gas. 
[0002] More specifically, the present invention s 
relates to a process for the reduction of the nitrogen 
content in natural gas to a concentration of less than 
10% molar. 

[0003] As is known, natural gas has become a 
source of thermal energy which is one of the main alter- 10 
natives to traditional fuels of a fossil nature, in particular 
fuel oils of petroleum origin, considered as being one of 
the main causes of the greenhouse effect which influ- 
ences the climatic trend of the planet. 
[0004] Natural gas, coming from production fields, 75 
essentially consists of methane but may also contain, in 
addition to significant traces of upper C 2 -Ct+ hydrocar- 
bons, varying quantities of inert gases, for example car- 
bon dioxide or nitrogen, whose presence must be 
eliminated or reduced to satisfy specifications of use. 20 
[0005] Among these specifications is that of 
respecting the Wobbe index, a parameter defined by the 
ratio between the calorific value (high or low) of gas and 
its density with respect to air. The Wobbe index is there- 
fore a parameter which represents a measurement of 25 
the heat which is produced by the gas when burnt at a 
constant pressure. 

[0006] Methods for the removal of inert gases, in 
particular nitrogen, from natural gas, are known in sci- 
entific literature. Most of these processes, however, are 30 
essentially based on removing nitrogen cryogenically as 
described, for example, in U.S. patents 5,505,049, 
5,036,671 or 4,415,345, with effective but not economic 
results. 

[0007] U.S. patent 5,321,952 discloses an alterna- 35 
tive to cryogenic processes, which comprises absorbing 
the hydrocarbon fraction of natural gas (essentially 
methane) in a C 9 -C 14 paraffinic oil and discharging the 
inert gases (essentially nitrogen) thus separated into 
the atmosphere or another operating unit. The use of 40 
paraffinic oil as absorbing liquid, however, implies a 
series of disadvantages which make the absorption 
process, as an alternative to cryogenic processes, 
much less competitive with respect to the latter. 
[0008] Above all, the absorption process with par- 45 
affinic oil requires particular operating conditions. In 
fact, even if there is the possibility of operating at room 
temperature, in practice, it is advisable to operate at a 
temperature ranging from -40 to -10°C with the conse- 
quent necessity of a forced dehydration of the gas to so 
avoid freezing phenomena inside the equipment. 
[0009] A second disadvantage, much more serious 
than the first, occurs in the desorption phase for the 
recovery of the gas. This operation takes place by 
expansion of the paraffinic oil in flash columns arranged 55 
in series. At the end of the expansion, the paraffinic oil 
is recycled to the absorption whereas the gas is, partly 
sent to a compression section to be fed to a distribution 



network, and is partly recycled to the absorption. This 
compression phase alone clearly makes the process 
less competitive. 

[0010] A further disadvantage of the process 
described in U.S. patent 5,321,952 can be identified in 
the absorption section where it is necessary to operate 
with two columns, one fed with natural gas coming from 
the production, the other with recycled gas. 
[001 1 ] The Applicant has now found that the simple 
substitution of paraffinic oil with a lighter and less vis- 
cous liquid, for example, with a virgin naphtha, surpris- 
ingly eliminates the above drawbacks. At the same time, 
a separation process is obtained, which is as effective 
as cryogenic systems but without the high costs 
involved. 

[001 2] The object of the present invention therefore 
relates to a process for the removal of nitrogen con- 
tained in natural gas which comprises: 

a) absorbing the hydrocarbon component of natural 
gas by means of virgin naphtha, essentially consist- 
ing of C5-C8 paraffins, in an absorption device, dis- 
charging the non-absorbed nitrogen; 

b) stripping the hydrocarbon component from the 
virgin naphtha in a stripping column operating at a 
temperature at the bottom ranging from 150 to 
200°C; 

c) recycling the virgin naphtha, recovered in the 
stripping, to step (a); 

d) feeding the stripped hydrocarbon component to 
a distribution network. 

[001 3] The natural gas fed to the absorption step is 
generally pretreated to eliminate or reduce the upper 
hydrocarbons and other inert gases such as, for exam- 
ple, carbon dioxide, possibly present The pretreatment 
operations comprise feeding the gas to a filtering and 
heating unit. The C0 2 and possible traces of humidity 
can be eliminated by means of permeation through 
membranes. More detailed information on permeation 
through membranes can be found in "Polymeric Gas 
Separation Membranes" R.E. Kesting, A.K. Fritzsche. 
Wiley Irrterscience, 1993. 

[0014] The absorption step preferably takes place 
in a plate column or in a packed column, feeding the 
natural gas to the bottom and the virgin naphtha to the 
head. 

[0015] The term "virgin naphtha", as used in the 
present description and claims, refers to a petroleum 
cut essentially consisting of a mixture of hydrocarbons 
liquid at room temperature in which the number of car- 
bon atoms of the single components mainly ranges from 
5 to 8 and having an average boiling point ranging from 
35°C approximately of pentane to 125°C approximately 
of octane. 

[0016] The absorption substantially takes place at 
room temperature and at a pressure equal to that of the 
production of natural gas. in plate columns or packed 
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columns, wherein the packing is preferably arranged in 
an orderly manner and not at random. A gas stream, 
essentially consisting of nitrogen, is discharged from the 
head of the column, whereas the absorbing fluid con- 
taining the hydrocarbon component of natural gas. s 
essentially methane, is recovered at the bottom. 
[0017] The latter is recovered in the stripping col- 
umn, operating at a pressure which is lower than that of 
the absorption column but higher, or substantially equal, 
to that in the distribution network, and is fed to the net- 
work itself. If some of the components of the virgin 
naphtha (the lighter ones) are entrained during the strip- 
ping phase, a recovery step of these products with a 
freezing cycle, can be included. 
[001 8] The process for the removal of nitrogen con- 
tained in natural gas object of the present invention can 
be better understood by referring to the drawing of the 
enclosed figure which represents an illustrative but non- 
limiting embodiment thereof. 

[0019] The natural gas containing nitrogen (1), pre- 
treated to eliminate humidity, carbon dioxide and possi- 
bly other undesirable gases such as H 2 S, is fed to the 
base of the absorption column D1 . The virgin naphtha is 
fed to the head of the column D1 by means of feeding 
line (2). The virgin naphtha is generally recycled virgin 
naphtha (12). 

[0020] A gas stream (4) essentially consisting of 
nitrogen is extracted from the head of the column D1 , 
which, after expansion by means of valve V1 and sub- 
sequent cooling in the exchanger E1, goes to the gas- 
liquid separator S1 . The remaining gas stream (5) is dis- 
charged from the separator S1 , after expansion in V2 
and the discharging of frigories in E1 . 
[0021 ] The liquid collected on the bottom of the tank 
S1 . essentially consisting of virgin naphtha entrained by 
the nitrogen, is fed to the separator S2 which regulates 
the reflux of the subsequent stripping column D2. 
[0022] A liquid stream (6) essentially consisting of 
virgin naphtha and natural gas dissolved therein, is 
recovered from the bottom of the column D1. This 
stream is expanded by means of the valve V3 and col- 
lected in the separator S3. The gases released as a 
result of the expansion are discharged by means of line 
(7) and used as energy source for the running of the 
process. The remaining liquid phase (8), after further 
expansion in V4 and heating in E2 is fed to the stripping 
column D2 operating with a reboiler at the bottom E3. 
[0023] A gas stream (9) essentially consisting of 
methane and virgin naphtha entrained by the methane 
itself during the stripping, is recovered from the head of 
the column D2. The gas stream (9) is expanded in V5, 
cooled first in the recovery exchanger E4 and then in 
the exchanger E5, connected to the cooling cycle PK1 , 
and is then sent to the separator S2. 
[0024] The liquid collected on the bottom of the sep- 
arator S2 is recycled (10) to the head of the column D2, 
as reflux, by means of the pump P1 . The gas (11) con- 
sisting of methane and possibly non-absorbed nitrogen 



in a concentration of less than 10% molar, after the dis- 
charging of frigories in E4, is sent into a distribution net- 
work. 

[0025] The virgin naphtha (12) is recovered from 
the bottom of the column D2 and, after first cooling in 
the air exchanger E6 and then in the exchanger E2, fol- 
lowed by the exchanger E7 connected to the cooling 
cycle PK2, is pumped, in P2, to the head of the absorp- 
tion column D1. As the gas in the feeding may contain 
significant traces of upper C 5 + hydrocarbons which 
accumulate in the virgin naphtha, a flushing (3) is car- 
ried out to keep the flow-rate of virgin naphtha constant 
in the cycle. 

[0026] For illustrative but non-limiting purposes, an 
experimental test is provided hereunder, operating 
according to the scheme of the enclosed figure. 
[0027] Natural gas is adopted, available at 60 bar, 
having the following composition: 







mol% 




Ci 


63.98 




c 2 


2.22 




c 3 


1.32 




C 4 (i+n) 


1.10 




C 5 (i+n) 


0.87 




nC 6 


0.88 




C 7+ 


0.48 




co 2 


17.42 




N 2 


11.73 



[0028] The gas is pretreated by permeation on 
membranes to eliminate the C0 2 . A gas stream (1) hav- 
ing the following composition, is obtained: 







mol% 




Ci 


78.64 




N 2 


14.42 




others 


6.94 



[0029] 60,000 Sm 3 /g of this gas stream are fed to 
the base of the absorption packed column D1 operating 
at 60 bar, a temperature at the head of 25°C. a temper- 
ature at the bottom of 29° C. The recycled virgin naphtha 
(12) is fed (2) to the head of the same column, at a tem- 
perature of 25°C and a pressure of about 62 bar, con- 
taining about 4% in moles of methane. As virgin 
naphtha, a mixture essentially consisting of Cs-C 8 
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hydrocarbons with an average boiling point of about 
95°C. is used. 

[0030] A stream (4) is recovered from the head of 
the absorption column D1 and is expanded, cooled and 
then discharged from the productive cycle (5). This 
stream has a f low-rate of about 8,700 Sm 3 /g and the fol- 
lowing composition: 







mol% 






34.00 




N 2 


63.00 




others 


3.00 



[0031] A liquid stream (6) consisting of virgin naph- 
tha containing about 20% in moles of methane and 2% 
of residual nitrogen (1340 Sm 3 /g) is discharged from the 
base of the column D1. This stream is expanded at 55 
bar and collected in the separator S3. A gas stream (7), 
equal to 80 Sm 3 /g, used as fuel gas. is discharged from 
the head of the separator, whereas the liquid stream (8) 
of virgin naphtha containing about 19% in moles of 
methane and 1 .67% in moles of nitrogen, is recovered 
from the base. 

[0032] The stream (8) is first preheated to 45°C and 
then sent to the stripping column D2, operating at 25 
bar, a temperature at the head of 43° C, a temperature at 
the bottom of 165°C. 

[0033] A gas stream is recovered from the head of 
the column D2 and, after expansion and cooling, is sep- 
arated from the condensed products in S2. The meth- 
ane (1 1) is recovered from this tank with a flow-rate of 
50,800 Sm 3 /g. The gas has the following composition: 



tially consisting of C 5 -C 8 paraffins, in an 
absorption device, discharging the non- 
absorbed nitrogen; 

b) stripping the hydrocarbon component from 
5 the virgin naphtha in a stripping column operat- 
ing at a temperature at the bottom ranging from 
150 to 200°C; 

c) recycling the virgin naphtha, recovered in the 
stripping, to step (a); 

10 d) feeding the stripped hydrocarbon compo- 

nent to a distribution network. 

2. The process according to claim 1 , wherein the nat- 
ural gas is pretreated to eliminate the carbon diox- 

15 ide. 

3. The process according to claim 2, wherein the 
removal of carbon dioxide from the natural gas 
takes place by means of permeation through mem- 

20 branes. 

4. The process according to any of the previous 
claims, wherein the absorption step takes place in a 
packed column. 

25 

5. The process according to any of the previous 
claims, wherein the absorption step is carried out at 
room temperature. 

30 
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mol% 




Ci 


86.53 




N 2 


6.14 




others 


7.33 



40 



45 



[0034] 1200 Sm 3 /g of virgin naphtha are recovered 
from the bottom of the column D2, which is cooled to 
25°C in E6, E2, E7 and then pumped to the absorption 
column, after flushing (3) of 2.62 m 3 /g. so 

Claims 

1. A process for the removal of nitrogen contained in 
natural gas which comprises: 55 

a) absorbing the hydrocarbon component of 
natural gas by means of virgin naphtha, essen- 
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